N} HMBC applied to brasiliamide A. The amides were tested for their antimicrobial activity and showed only weak inhibitory effects, against a set of pathogenic bacteria.
Introduction
During our continuous studies on endophytic microorganisms (Santos et al., 2003) , a Penicillium sp. was found associated with Melia azedarach (Meliaceae). In previous works, we reported that this Penicillium sp. is a rich source of interesting secondary metabolites such as insecticidal meroterpenoids, a class of complex metabolites derived from a mixed terpenoid-polyketide biosynthetic pathway, and tremorgenic alkaloids (verruculogen) (Santos et al., 2003; Santos and RodriguesFilho, 2002 , 2003a , b, 2004 Fill et al., 2007) . Analysis of the ITS region of the ribosomal DNA allowed its identifi cation as P. brasilianum. It has been shown now that this fungus produces bisphenylpropanoid amides (brasiliamides 1 -5), as already reported in the literature (Fujita et al., 2002; Fujita and Hayashi, 2004) . Brasiliamides A (1) and B (2) (Fig. 1) were fi rst identifi ed as secondary metabolites from P. brasilianum isolated from soil (Fujita et al., 2002) , and, when evaluated, these compounds showed convulsive activities against silkworms (Bombyx mori).
From P. brasilianum found in M. azedarach we obtained two known bisphenylpropanoid Nacetylamides, 1 and 2, and one new congener from the methanolic extract obtained when the fungus was cultivated on sterilized rice for three weeks. We report here the production, isolation and identifi cation of these amides.
Material and Methods

General experimental procedures
Optical rotations were measured on a Perkin Elmer 241 polarimeter. UV spectra were obtained in CH 2 Cl 2 on a Hewlett Packard 8452-A spectrophotometer, and IR spectra were measured with a Bomen MB-102 spectrophotometer using KBr pellets. Low-resolution ESIMS data were acquired in the negative ion mode, using a QUATTRO-LC instrument (Micromass, Manchester, UK) equipped with an ESI/APCI ion 
Isolation of the microorganism
Details on the plant material collection and fungus isolation procedure are given elsewhere Rodrigues-Filho, 2002, 2003a ) The general procedures adopted followed the methodology described by Petrini et al. (1992) . The P. brasilianum used in the present work (LaBioMi024) is deposited at the Laboratório de Bioquímica Micromolecular de Microorganismos (LaBioMMi) of the Departamento de Química, Universidade Federal de São Carlos, São Carlos, Brazil.
Rice culture of Penicillium sp. and isolation of the amides
Fifty Erlenmeyer fl asks (500 ml) containing about 90 g of rice ("Uncle Ben's", Mars, Canada) and 75 ml of distilled water per fl ask were autoclaved twice at 121 ºC for 40 min. A small disc of the PDA medium from the Petri dish containing mycelium of Penicillium sp. was transferred under sterile conditions to 47 of the 50 Erlenmeyer fl asks containing sterilized rice. Three fl asks were kept for control purposes. After 20 d of growth, the water that had accumulated in the fl asks was separated by fi ltration from the fungal biomass. About 150 ml of methanol were added to each fl ask; the mixture was allowed to stand for 5 h and fi ltrated by gravity. The methanol was evaporated under reduced pressure, producing a yellowish residue (6 g), which was subjected to low-pressure silica gel CC eluted with a hexane to methanol gradient (hexane; hexane/dichloromethane 90:10, 70:30, 50:50, 30:70; dichloromethane; dichloromethane/ methanol 99:1; methanol 100%). The medium polar fractions eluted with dichloromethane/methanol 95:5 were reiteratively chromatographed on silica gel columns, and the meroterpenoids preaustinoid A1, preaustinoid B2 and austinolide were fi nally purifi ed by preparative TLC (hexane/ ethyl acetate 1:1). The fraction eluted with dichloromethane/methanol 90:10 gave the brasiliamides 1, 2 and 6 after further purifi cation by preparative TLC (dichloromethane/ethyl acetate/methanol 7:2:1). 
Results and Discussion
Among the numerous fungi collected from organs of M. azedarach (Santos et al., 2003) , only one Penicillium sp. was found to be a producer of meroterpenes (Santos et al., 2003; Santos and Rodrigues-Filho, 2002 , 2003a , 2003b , evaluated by liquid chromatography coupled with mass spectrometry (LC/MS) (Santos and RodriguesFilho, 2004) . These meroterpenoid compounds show close structure similarities with limonoids, which are endogenous compounds produced by the host plant. Other characteristic secondary metabolites produced by this Penicillium sp. were verruculogen and methyl penicillate (Santos et al., 2003) . In the present work, ribosomal DNA analysis was conducted to identify this fungus at species level. A total of 507 base pairs (ITS region) were decoded and compared with the GeneBank database. Two good matches were found with P. brasilianum strains CBS 253.55 and RMF 8007, showing an error value of 0.0 (100% reliability).
A literature survey of secondary metabolites produced by this fungus species showed that it is a producer of bisphenylpropanoid amides, named brasiliamides (Fujita et al., 2002; Fujita and Hayashi, 2004) . These amides cause convulsion to silkworms. The phenylpropanoid units in each of these compounds are a methoxypiperonyl cinnamic acid derivative and a modifi ed phenylalanine. Although genes encoding the phenylpropanoid biosynthetic pathway have been found in fungi (Seshine et al., 2005a (Seshine et al., , 2005b , there is no report on the expression of these genes to produce fungal phenylpropanoid compounds. Thus we were motivated to look for this type of compounds in our strain of P. brasilianum.
The fungus was cultivated over sterilized rice, extracted and submitted to a combination of chromatographic procedures which led to the purifi cation of the previously reported meroterpenoids preaustinoid A1, preaustinoid B2 and austinolide (Santos and Rodrigues-Filho, 2003b) , and of three compounds with brasiliamide profi le, when analyzed by 1 H NMR. Only fi ve members of this class of secondary metabolites are known until now (Fujita et al., 2002; Fujita and Hayashi, 2004) . All of these compounds contain a phenyl group, recognized in the NMR spectrum by the presence of a 5H multiplet at ca. δ 7.15 -7.35, and a methoxypiperonyl group which shows two signals for meta coupled hydrogen signals at δ 6.28 (d, J = 1.5 Hz, H-5) and 6.23 (d, J = 1.5 Hz, H-9), two AB oxymethylenic hydrogen atoms at δ 5.96/5.94, and a methoxy group at δ 3.84 (s, 3H-3''), like observed for brasiliamide A (Fujita et al., 2002) (Table I ). Both the methoxypiperonyl and the phenyl groups may be present as benzyl partial structures (I and II, Fig. 2 ), and this is seen by the two pairs of diastereotopic methylenic hydrogen atoms at ca. δ 2.30 -4.30. The atom numbering system adopted so far for brasiliamides is ambiguous (Fujita et al., 2002; Fujita and Hayashi, 2004) . In the present work we numbered the atoms considering that the amino acid phenylalanine is a precursor of these brasiliamides.
The electrospray (ESI) mass spectra obtained for the major brasiliamide 1 showed prominent peaks at m/z 439, when positive ions were scanned, and m/z 437 in the negative ion mode, confi rming a molecular weight (MW) of 438 amu. By counting the 13 C NMR signals and using the 1 H NMR peak area, along with the MS data, the molecular formula C 24 H 26 N 2 O 6 is suggested for this fungal metabolite. This molecular formula is the same as obtained for brasiliamide A (Fujita et al., 2002) . All of the physical data reported for this compound are coincident with ours, confi rming its identifi cation. Further confi rmation of the brasiliamide A structure was given by analysis of 15 N NMR data (Table I) The above identifi ed brasiliamides are di-Nacetylated compounds containing a methoxypiperonyl and a benzyl group. A brasiliamide that contains only one 3H singlet for an N-acetyl group in the 1 H NMR spectrum was also obtained from P. brasilianum extracts. This brasiliamide monoacetate was analyzed by MS and showed [M-H] -produced by ESI at m/z 409, indicating a MW of 410 amu and differing from brasiliamide E (C 22 H 26 N 2 O 4 , 382 amu) (Fujita and Hayashi, 2004) , the only brasiliamide monoacetate known so far. The presence of the methoxypiperonyl (δ 6.36, brs, H-5 and H-9; δ 5.93, brs, 2H-4''; δ 3.87, s, 3H-3'') and the benzyl (δ 2.99, dd, H-3'a; δ 2.50, d, H-3'b; δ 7.15 -7.27, m, H-5' to 9') groups was evident in the 1 H NMR spectrum of this unknown brasiliamide. The two signals at δ 4.93 (H-2') and δ 4.27 (H-3a) were observed as broad lines, prob- ably due to a strong infl uence of vicinal quadrupolar nitrogen atoms, or due to the presence of rotamers like demonstrated for brasiliamide A (Fujita and Hayashi, 2004) . The partial structure III (Fig. 2) was confi rmed for this unknown amide based on the establishment of the connectivities between the methoxypiperonyl (I, Fig. 2 ) and benzyl (II, Fig. 2 ) groups assigned by the 2D HMBC and NOE measurements. Thus, upon irradiation, H-5 and H-9 (both at δ 6.36) showed NOE with H-1 (δ 6.15), 3H-2'' (δ 2.23), the diastereotopic benzylic hydrogen atoms at δ 4.27 (H3a) and δ 3.44 (H-3b) and the methoxy hydrogen atoms at δ 3.87 (3H-3''). NOE was also observed with H-5/H-9, H-3b and 3H-2'' (N-acetyl) when H-1 (δ 6.15) was irradiated. The NMR signal of H-1, which is a doublet in brasiliamide A, was detected as a singlet (δ 6.15), indicating, along with the NOE between H-3/3H-2'', the presence of an N,N-disubstituted N-acetylamide. H-1 is HMBCcorrelated with C-2 (δ 121.1), C-3 (δ 38.0), C-2' (δ 52.0) and also with C-1'' (δ 169.2). Thus, the partial structure containing the methoxypiperonyl group (III, Fig. 2 , obtained by negative ion ESIMS), along with the above discussed NMR data are compatible with the molecular formula C 22 H 22 N 2 O 6 (410 amu). The above identifi ed partial structure (III, Fig. 2 ) corresponds to the formula C 21 H 21 NO 4 , which means that the fragment CHNO 2 needs to be added to III to complete the unknown structure. The 13 C NMR spectrum contains a shielded carbonyl signal at δ 166.4, which is compatible with the presence of an N-hydroxylamide group, when compared with model compounds (Hirsch et al., 1989; Chittari et al., 1998) . Thus, this brasiliamide was identifi ed and named brasiliamide F.
The antimicrobial properties of brasiliamide A, the major amide obtained, were tested against a set of pathogenic bacteria, but 1 showed only a weak bacteriostatic effect to Bacillus subtilis with a minimal inhibitory concentration (MIC) of 250 µg/ml.
Apparently, these brasiliamides are biosynthesized from two phenylalanine units. In plants, the bisphenylpropanoid pathway produces lignans and other cinnamic acid derivatives (Ferrer et. al., 2008) . This process begins with the action of the enzyme phenylalanine ammonia lyase (PAL) to produce cinnamic acid and cinnamic acid-derived compounds, and is frequently associated with plant defense mechanisms against invading microorganisms (Essenberg, 2001) . This biosynthetic route is not so far found in microorganisms. Thus, P. brasilianum deserves a careful study to check the production and expression of the enzyme PAL.
